1. Introduction {#sec1}
===============

In modern world noise is one of common stressors. Noise impact depends on its nature, type, intensity and the perception of an individual. Modern medicines have no effective drugs to prevent or cure the stress and its consequences. Despite the noise harmful effect on all body systems, differential effect of immune responsiveness in animals as well as in humans is still under investigation. It may be because of the involvement of hormones secreted via hypothalamic-pituitary-adrenal (HPA) axis and sympathetic adrenal medullary axis related with the limbic system in response to stress [@bib1]. Third stress axis, which involves neuropeptides, neurotrophins, and the sensory neuropeptide substance P activates the neurokinin 1 receptor and is generally described to act locally as a pro-inflammatory way in close contact between substance P containing peptidergic nerve fibers with mast cells and subsequent neurogenic inflammation [@bib2]. The key mechanisms involved in transformed immune competence and neuronal plasticity after stress experience could be due to the result of HPA axis and sympathetic adrenal-medullary axis; it generates Th2 bias on one hand and local pro-inflammatory NNA activation on the other hand [@bib3], [@bib4]. Noise being an environmental stressor and immunotoxin [@bib5] cannot be avoided, instead attenuatation or minimizing the exposure to environmental noise can be considered. For effective immune protection the recruitment of leukocytes in the target area from circulation or lymphoid organs is needed. The leukocyte trafficking and infiltration in response to the antigen were intermediated by the cytokines of TH1 subsets (IL-2, IFN-γ and TNF-α) and TH2 subsets of IL-4 [@bib6]. In acute stress, enhancement of cell-mediated immunity [@bib7] was observed whereas, chronic stress depleteted the immune system [@bib8]. Acute stress has been reported to increase both cortisol and levels of plasma cytokines [@bib9]. Even perceived stress is associated with elevated maternal serum pro-inflammatory cytokines, lower anti-inflammatory cytokines, and exaggerated production of the pro-inflammatory cytokines by lymphocytes stimulated *in vitro* [@bib10]. There is evidence which shows that cytokine HPA axis circuit plays a relevant role in controlling excessive inflammatory reactions and the non-specific expansion of immune cells with no or low affinity for the antigen that triggers an immune response [@bib11]. Further, stressful conditions affect the body by the excessive free radical production via increase in glucocorticoids [@bib12]. Free radicals act continuously like a chain reaction until the unpaired electron is paired or blocked. Studies show that there is an inverse relationship between the dietary intake of antioxidants from foods and incidence of human diseases. The oxidative stress also reported to stimulate the adaptive immunity that results in pathogenesis of the disease [@bib13]. Hence it is very important to search for plants as a source of antioxidants because they have few side effects and are more effective because of their synergistic effects. *Scoparia dulcis* (SD) is a herb widely distributed in tropical and subtropical regions. *S. dulcis* is a species of flowering plant belonging to the Family Plantaginaceae. It is an erect annual herb, producing white flowers that grows to a height of 0.5 m with various indigenous tribes in the rain-forest zone are well-documented [@bib14]. Aqueous extracts of *S. dulcis* possess important hepatoprotective and antioxidant activity [@bib15]; traditional practitioners have claimed that the *in vitro* antioxidant activity supports the therapeutic effects [@bib16]. Phytochemical screening of *S. dulcis* revealed that it is rich in flavonoids and terpenes that are believed to be responsible for its pharmacological action [@bib17]. It has been used for blood cleansing in childbirth and acts as a general tonic [@bib18]. *S. dulcis* plants have been traditionally used as remedies for stomach trouble [@bib19]. The indigenous tribes in Nicaragua use a hot water infusion or decoction of the leaves or the whole plant for stomach pain, menstrual disorder, as an aid in child birth, as a blood purifier, for insect bites, fever, heart problems, liver and stomach disorders, malaria, sexually transmitted diseases and as a general tonic [@bib20]. Based on these earlier usages of *S. dulcis,* a medicinal plant with anti-oxidative, anti-inflammatory and neuro-protective properties [@bib21] that have been studied *in vitro* as well as in *in vivo* models, it has been analyzed for its immune modulatory property specific towards the cytokine profile and modulation of adaptive immunity after subjected to noise stress. In this present study noise exposure on cytokine mediated immune functions are focused.

2. Materials and methods {#sec2}
========================

2.1. Plant materials and preparation {#sec2.1}
------------------------------------

*S. dulcis* was collected from Tampcol, Chennai, India after it was confirmed by the botanist and a sample was deposited in herbarium (Reg no: NIS/MB/63/2012) of National Institute of Siddha, Chennai. 100 g of air dried leaves portions of SD were soaked in 1 L of distilled water overnight and filtered subsequently into a beaker using filter paper and funnel. The filtrate was concentrated at 40 °C to constant weight using a Rotavapor apparatus. The residue was collected and stored at −4 °C. The concentrate was then reconstituted into a stock solution of 200 mg/ml in distilled water. The required volume of this solution (calculated on the basis of animal weight) was administered orally daily using a gavage.

2.2. Experimental animals and groupings {#sec2.2}
---------------------------------------

The study was initiated with proper approval by the Institutional Animal Ethics Committee (IAEC No 01/19/2013). Healthy adult male Wistar rats weighing about 180--200 g were used for this study. Animals were housed in groups of three per cage and maintained at a constant temperature controlled room 22 ± 5 °C, of relative humidity 55± 5% with a 12-h light: 12-h dark cycle and allowed free access to food and water. The experimental animals were randomly divided into 8 groups (6 rats in each group). Group 1 served as the control, Group 2 animals were subjected to noise-stress for 4 h daily for 15 days (Sub-acute exposure), Group 3 control treated with SD for 48 days and experiments were carried out on 49th day and Group 4 consisted of noise stress + SD-treated animals. The SD dosage used in this study was 200 mg/kg/b.w. and was based on an earlier report [@bib22]. These animals were pre-treated with SD for 33 days and then exposed to noise stress for 15 days. Group 5 Immunized control, Group 6 Immunized Noise alone (animals were subjected to noise-stress for 4 h daily for 15 days), Group 7 Immunized control treated with SD for 48 days and experiments were carried out on 49th day and Group 8 Immunized noise stress + SD-treated animals. A combined pre- and post treatment regimen of each extract may also prove to be more effective [@bib23] and in the current study the animals were pre-treated with SD for 33 days and then exposed to noise stress for 15 days.

2.3. Noise stress procedure {#sec2.3}
---------------------------

Noise was produced by a loud speaker (15 W), installed at a distance of 30 cm above the cage, and driven by a white noise generator emitting all the frequencies in the range 0--20 kHz. A precision sound level meter was used to monitor the intensity of sound to 100 dB uniformly in the cage. During the experiment, the noise level peaked at 100 dB immediately after the generator was switched on and continued daily for 4 h for 15 days. The controls were also kept in these cages without noise stress exposure [@bib24].

2.4. Immunization {#sec2.4}
-----------------

The sheep red blood cells (SRBC) were collected in a sterile Alsever\'s solution. It was centrifuged and washed thrice using phosphate buffered saline to get clear red blood cell suspension by removing the supernatant. Then the red cell suspension was prepared in a series of dilutions with methylene blue and the cells were counted using Neubauer chamber under the microscope. The dilution count of 5 × 10^9^ cells per ml was identified and one ml was administered intraperitoneally (i.p) to rats. The day of immunization was considered as day 0 and the blood samples were collected from jugular vein on the 5th day to assess the primary immune response [@bib25]. After blood collection the rat was sacrificed under deep anesthesia and the immune organs were harvested for the assays.

2.5. Assay of corticosterone [@bib26] {#sec2.5}
-------------------------------------

This method is based on the oxidation of corticosteroids with ferric iron (III) in acidic medium and subsequent complex with ferrous iron (II) and potassium hexacyanoferrate. 0.5 μl of sample was mixed with appropriate volumes of working solutions of corticosterone. 2 ml of sulphuric acid and 2 ml ferric chloride were added to 0.5 ml of potassium hexacyanoferrate (III) solution. The mixture was heated in a water-bath maintained at 70 ± 2 °C for 30 min with occasional shaking. The absorbance was measured at 780 nm against the reagent blank.

2.6. Soluble immune complex {#sec2.6}
---------------------------

A simple turbidometric assay [@bib27] based on the precipitation of immune complex by low concentration of polyethylene glycol (PEG) which, is an uncharged, water soluble, linear polymer was carried out. Control as well as test serum were diluted to 1:3 with borate buffer; 0.22 ml of this diluted serum was added to tube A and tube B. 2 ml of borate buffer was added to tube A and this served as control. To tube B, 2 ml of PEG borate buffer solution was added and this served as test; it was mixed well and incubated at room temperature for 1 h. The absorbance of the test and the control tube was measured at 450 nm (E450) in a spectrophotometer and the result was expressed as PEG index derived by the formula, i.e. PEG index = (E450 with PEG − E450 with PBS) × 1000.

2.7. Cell-mediated immunity {#sec2.7}
---------------------------

Leukocyte migration index and footpad thickness in rats were carried out according to the method described by Tewari et al. [@bib28].

2.8. Leukocyte migration index {#sec2.8}
------------------------------

Spleen and thymus were weighed individually and single cell suspension was prepared by teasing and pressing through the mesh in a Petri dish containing medium. Erythrocytes were removed from the spleen cell suspension using 0.83% ammonium chloride and this forms the effectors of lymphocytes. Thymus and spleen cell suspensions were washed thrice with medium, mixed in 1:3 ratio respectively and were divided into two parts. The first part remains unaltered whereas in the second part 0.1 ml of antigen SRBC (1.5 × 10^6^ SRBC/ml) was added. The suspensions were mixed well and drawn into a capillary which was then heat sealed at one end and centrifuged (1000 g for 2 min) at room temperature. Then at the capillary fluid interface it was cut and mounted in the sealed chamber separately in different chambers marked as 'with Ag' and 'without Ag' with the help of silicon grease. Immediately the chamber was filled with medium taking great care to exclude air bubbles. The plates were incubated in an incubator at 37 °C overnight (15--18 h). After incubation the migration area from the capillary was projected to a screen with the help of camera Lucida and the area of migration was plotted in a paper. Using planimeter the area of migration was calculated. The average of 4--6 capillaries was taken as the mean area of migration. The migration index was calculated as follows:

2.9. Footpad thickness test {#sec2.9}
---------------------------

FPT was studied only in immunized animals as this needs sensitization. Immunization was done with SRBC and the day of immunization was considered as day '0'. Four days later the left hind foot pad was challenged by an injection of 0.1 ml of 20% SRBC subcutaneously suspended in normal saline. The right hind paw received saline alone and served as control. The increase in foot pad thickness was measured 24 h after SRBC challenge by Vernier calliper and the values were reported as index.

2.10. Humoral immunity {#sec2.10}
----------------------

### 2.10.1. Antibody titre [@bib29] {#sec2.10.1}

It is a direct hemagglutination reaction that is commonly performed by mixing various dilutions of antiserum with a suspension of particulate antigens. The specific agglutination of red cells constitutes a highly sensitive method for detection of antibody titer by observing till the low concentration in the serum that shows agglutination.

### 2.10.2. Quantification of cytokine {#sec2.10.2}

Enzyme Linked Immunosorbent Assay (ELISA) (Peprotech, Rocky Hill, New Jersey USA) kits were used to quantify Th1 by assessing TNF-α (M900-M73),IL-2 (M900-M205), and IFN-γ (M900-M98) whereas Th2 (ELS-IL4-001), (IL-4 Ray biotech USA) cytokines within serum as well as in tissue. Measurements were performed according to the manufacture\'s procedural instructions.

### 2.10.3. Statistical analysis {#sec2.10.3}

Each of the experiment was carried out in triplicate and the results are expressed as mean ± standard deviation (S.D.). All data were analyzed with the SPSS for windows statistical package (version 20.0, SPSS Institute Inc., Cary, North Carolina). The statistical significance between the four different groups was analyzed by using one way ANOVA test followed by Tukey\'s multiple comparison tests and the significance level was fixed at *p* \< 0.05.

3. Results {#sec3}
==========

3.1. Effect of sub-acute noise on corticosterone levels {#sec3.1}
-------------------------------------------------------

The data are summarized in ([Fig. 1](#fig1){ref-type="fig"}) with mean ± S.D. There were no significant changes observed in the corticosterone level between control and control treated with SD of unimmunized or immunized rats. However, noise stress increased the corticosterone levels irrespective of whether unimmunized or immunized. But the treatment with SD to noise stressed group whether immunized or un immunized could maintain the corticosteroid level at normal level during noise stress exposure.

3.2. Effect of sub-acute noise on lymphocytes {#sec3.2}
---------------------------------------------

The data are summarized in ([Fig. 2](#fig2){ref-type="fig"}) with mean ± S.D. SD when given to normal animals, did not alter the lymphocyte numbers from controls. The noise stress only increased the lymphocyte levels in unimmunized rats but not in immunized animals. However, treatment with SD during noise exposure in unimmunized could maintain the lymphocytes at normal level during noise stress exposure.

3.3. Effect of sub-acute noise on humoral immunity {#sec3.3}
--------------------------------------------------

Antibody titration and soluble immune complex is given in [Fig. 3](#fig3){ref-type="fig"}, [Fig. 4](#fig4){ref-type="fig"}. There was no difference observed between the control and control treated with SD irrespective of whether immunized or unimmunized. The noise stressed animals showed a marked increase in the soluble immune complex and antibody titration of humoral immunity in unimmunized whereas it was decreased in the immunized. However, treatment with SD during noise exposure whether immunized or unimmunized could maintain the soluble immune complex and antibody titration at normal levels during noise stress exposure.

3.4. Effect of sub-acute noise on cell-mediated immunity: leukocyte migration index (LMI) and footpad thickness (FPT) {#sec3.4}
---------------------------------------------------------------------------------------------------------------------

It was carried out only on immunized animals and the data are summarized in [Fig. 5](#fig5){ref-type="fig"}, [Fig. 6](#fig6){ref-type="fig"} with mean ± S.D. SD when given to normal animals did not alter the level LMI and FPT levels from controls. There were no significant differences observed between the control and control treated with SD. Only in the immunized noise stressed animals there was an increase in LMI levels and decreased FPT when compared with control, control treated with SD and SD treated noise stressed animals.

3.5. Effect of sub-acute noise on cytokines levels {#sec3.5}
--------------------------------------------------

[Fig. 7](#fig7){ref-type="fig"}, [Fig. 8](#fig8){ref-type="fig"} show the descriptive statistics of the cytokine concentrations in serum as well as in spleen.

In serum of unimmunized noise exposed animals, IL-4 is increased and IL-2, TNF-α and IFN-γ is decreased compared to control and control treated with *S. dulcis* and vice versa in case of unimmunized spleen. In case of immunized groups, the level of cytokines IL-2, TNF-α and IFN-γ in noise exposed animals were increased irrespective of spleen and serum, however, there was a significant change only with IL-4 which showed a marked increase in serum and a significant decrease in the spleen when compared to control and control treated with *S. dulcis*. However when the noise exposed animals treated with *S. dulcis* brought back the cytokine levels nearly to control level irrespective of immunized or unimmunized animals, still it deviated from the controls and control treated with *S. dulcis* in serum and spleen.

4. Discussion {#sec4}
=============

The present study clearly indicates that noise exposure acts as a stressor and was not adopted even after repeated exposures. The elevated corticosteroid level in noise exposed animals further reflects this and could be the possible reason for immune system and inflammatory responses. Noise exposure induces the glucocorticoids increase [@bib30]. Increased corticosteroid level reported as an immunosuppressor in both humans and animals [@bib2]. However, treatment with SD could normalize the corticosteroid level. Hence, it may be inferred that the constituents in SD may be involved in regulating the HPA axis and corticosteroid induced alteration in the immunity. The decrease in the circulating lymphocytes after noise exposure only in the unimmunized animals suggests that, it may be due to redistribution of leukocytes. According to Nagaraja et al. [@bib31], abnormal distribution of leukocytes may be due to local chemotaxis that causes the cell retention in several organs. The leukocyte messengers such as cytokines, lymphokines, monokines are able to convey information to neuro and endocrine structures about the present state of activity of the immune system is stressed and also been associated classically with activation and regulation of the immune system and inflammatory responses [@bib32]. At the early stage of stress, the activated HPA axis and sympathetic nervous system (SNS) axis can upregulate the levels of glucocorticoids (GCs) and catecholamines (CAs), respectively, and in turn inhibit the secretion of pro-inflammatory cytokines directly or indirectly while promoting the secretion of anti-inflammatory cytokines. It is essential to note that noise stress decreases the serum IL-2, IFN-γ and TNF-α level. IFN-γ reported to shift towards Th2 cell activity which tends to be a strong immunosuppressive effect [@bib33], despite increase in IL-4 was observed. Studies showed that, IL-4 inhibits the production of TNF-α, IL-1 and IL-6 by macrophages [@bib12]. Hence, the increase in IL-4 may be one of the reasons for the decrease in TNF-α observed in this present study. It is obvious that this study shows the conflicting results between the immunized and unimmunized rats on Th1/Th2 subtypes. However, it may be possible due to the action of noise exposure on immune-neuroendocrine interactions for immunoregulation and host defenses, which play an active role of the immune system in mediating metabolic and homeostatic adjustments or derangements during the course of certain infections and inflammation [@bib34]. Th1 cells secrete IL-2, IFN-γ and participate in cell-mediated immunity [@bib10], whereas, Th2 cells secrete IL-4 and play a role in humoral immunity. The cytokine balance of Th1/Th2, (i.e, pro-inflammatory and anti-inflammatory cytokines) plays a major role in neuroimmunological responses [@bib35] and this has been used to assess various stressor levels. The noise exposure acts as stressor and in turn alters the activated HPA axis and SNS axis which can upregulate the levels of glucocorticoids (GCs) and catecholamines (CAs), respectively [@bib36]. However the lasting impacts of noise exposure on HPA axis, glucocorticoid resistance, and activated NF-кB on cytokines cause the pro-inflammatory cytokines to increase further, which to a certain level induce inflammatory response. In addition, IL-1*β*;(beta), IL-6, TNF-α, and other cytokines in turn activate NF-кB, in which the mechanism includes the pro-inflammatory cytokines leading to phosphorylation and loss of I-κB [@bib37]. All the steps induce continued increased pro-inflammatory cytokines, and finally inflammation, which may induce various diseases [@bib38].

The increase in SIC and antibody titer only in the unimmunized animals after noise stress exposure indicate a non-specific reaction, because there was a decrease in antibody titer observed after immunization in these noise stressed animals. As the antigen used is the T dependent antigen, it is essential to consider the cell-mediated as well as the cytokine profile in the noise stressed animals.

The present study finding also in concurrence with the Tewari et al. [@bib28], report the inverse correlation existing between the LMI and FPT. The present observation in noise stressed animal is further correlated with Srikumar et al. [@bib24], where noise stress induced a decrease in FPT with an enhancement in LMI. The decrease in foot pad thickness after stress could be due to the effect of stress on the inflammatory, mediatory and adhesion molecules on the endothelial cell and extra vascular space. Leukocyte migration acts as an index for cell-mediated immunity, the normal migration depends on the balance of these two opposing factors (migration inhibitory factor) and (migration stimulating factor). Migration stimulation factor (MStF) is from the suppressor cells and migration inhibition factor (MIF) is from the helper cells [@bib8].

The neural modulation of immunity might play an essential role during the noise stress. Hence it can be concluded that stress induced alterations are multifactorial. Overall changes in the parameters of immune system in noise stress exposed animals were prevented except the cytokine profile. When the noise exposed animals were treated with *S. dulcis* the cytokine profile was tried to maintain near normal. It may be due to the action of *S. dulcis*, rich in phytochemicals like flavonoids, terpenoids etc. Further the presence of catecholamines in SD which has many another positive factors in regulating the immune response and acute phase proteins against the action of glucocorticoids. It is essential to consider that, when SD fed to normal animals none of the parameters studied were deviated from control which further reflects the action of SD can be considered as an adapogen. Hence this study recommends the use of SD as a prophylactic to the unavoidable environmental stressor such as noise.

5. Conclusion {#sec5}
=============

In conclusion aqueous extracts of *S. dulcis* shows immune modulatory and stimulatory effect on cell-mediated and humoral immunity by exhibiting the antioxidant, anti-stressor, immuno stimulant activity by normalizing and preventing the changes in cell-mediated and humoral immunity induced by noise stress increased corticosterone and free radicals in the Wistar rats.

Conflicts of interest {#sec6}
=====================

The authors declare that there is no conflict of interests regarding the publication of this paper.

The author likes to acknowledge the financial support provided by the UGC DST-INSPIRE (IF 130064), India and to the University of Madras, Chennai Tamil Nadu, India.

Peer review under responsibility of Transdisciplinary University, Bangalore.

![Effect of sub-acute noise on corticosterone levels.](gr1){#fig1}

![Effect of sub-acute noise on lymphocytes.](gr2){#fig2}

![Effect of sub-acute noise on soluble immune complex.](gr3){#fig3}

![Effect of sub-acute noise on antibody titration.](gr4){#fig4}

![Effect of sub-acute noise on leukocyte migration index (LMI).](gr5){#fig5}

![Effect of sub-acute noise on footpad thickness (FPT).](gr6){#fig6}

![Protective effect of *S. dulcis* (SD) serum cytokines in albino rats exposed to noise-stress in unimmunized and immunized (Imm) groups. Values are expressed as mean ± S.D. from six animals.](gr7){#fig7}

![Protective effect of *S. dulcis* (SD) spleen cytokines in albino rats exposed to noise-stress in unimmunized and immunized (Imm) groups. Values are expressed as mean ± S.D. from six animals.](gr8){#fig8}
